Introduction
Aspergillus fumigatus (A. fumigatus) is the most common mould pathogen in the developed world and is the primary causative species of the potentially fatal, invasive aspergillosis (IA) in immunocompromised patients. IA is an increasing problem due to the emergence of a number of antifungal resistant strains and even if treated effectively, harbours an infection associated mortality rate between 30-80% 1, 2 . Transplant patients are at particular risk and it is estimated that up to 1 in 4 lung or heart transplant patients will succumb to this infection 3 .
IA is propagated via the inhalation of small hydrophobic spores (conidia) which penetrate deep into the alveolar space where they germinate, invading the vasculature and disseminate to other organs such as the brain and skin 4, 5 . A. fumigatus can be found ubiquitously and is mostly omnipresent, making inhalation difficult to avoid. Fortunately, a functional innate immune system can provide robust and effective responses to aid the removal of spores. The initial defence to the inhalation of A. fumigatus is mucociliary clearance but if this is evaded then an innate immune response comprising of type II pneumocytes, alveolar macrophages, neutrophils and serum pathogen recognising opsonins, can work synergistically to potentiate conidia recognition and removal 6 
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phagocytosis of pathogenic microorganisms but they are also capable of activating the lectin complement pathway via association with MBL associated serine protease (MASP)-2 8, 9 .
Novel immunomodulatory functions are also beginning to arise but mechanistic insights into these are in their infant stages [10] [11] [12] [13] . Of the serum ficolins, H-ficolin is undoubtedly the most poorly understood, with the fewest pathogenic targets and a distinct lack of characterisation in comparison to L-ficolin. We have recently indicated that the other serum ficolins (L-ficolin and its rodent orthologue, ficolin-A) are capable of enhancing host-pathogen interactions within the fungal airway immunity 10, 14 .
Whereas L-ficolin is not produced in the lung, H-ficolin can be secreted directly by resident type II epithelial cells 15 . In addition, previous observations have indicated that H-ficolin could recognise A. fumigatus conidia but this interaction was not characterised in any detail 16 . Therefore, we investigated whether opsonization of A. fumigatus by H-ficolin could potentiate the functions of A549 cells, a cell line with characteristics of type II epithelial cells 17 . Additionally, we investigated the role of H-ficolin in lectin complement pathway activation, cytokine modulation and we measured the H-ficolin concentrations in the bronchoalveolar lavage (BAL) of lung transplant patients with, or without post-transplant infection.
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Detection of infection and H-ficolin in bronchoalveolar lavage

Fluorescent microscopy
To detect the presence of intracellular H-ficolin in A549 cells, A549 cells were grown in 8-well chamber Permanox slides (Lab-Tek). Following growth, cells were permeabilised with PBS containing 0.1% Tween-20 prior to staining with primary monoclonal anti-H-ficolin antibodies (Hycult) and secondary Alexa Fluor 594 antibodies (Invitrogen). Cells were visualised using a Zeiss Axioplan II microscope at x40 objective (Zeiss).
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Fungal association assays
Cytokine determination
Supernatants were collected 24 h following A549 challenge with live A. fumigatus conidia.
Cytokine production from supernatants was quantitated using a BD cytometric bead array (CBA) Human Inflammatory Cytokines kit (BD Biosciences). Assays were conducted as outlined in the protocol. In brief, capture beads for the measurement of IL-8, IL-1β, IL-6, IL-10 and TNF-α were mixed together prior to their addition to the sample and standard tubes.
Following the addition of capture beads to the samples, Human Inflammatory Cytokine PE Detection Reagent was added to all tubes and incubated for 3 h in the absence of light.
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This article is protected by copyright. All rights reserved. To investigate the role of MAPK signalling in IL-8 production, inhibitors of MEK 1/2 (U0126), p38 MAPK (SB202190) and JNK (SP600125) were added to cells at a concentration of 10 µM for 1 h prior to and during A. fumigatus challenge.
Measurement of C3b deposition
Endogenous ficolins were removed from donor serum by passing 5 mL through a 1 mL Nacetyl-D-glucosamine column at 4°C overnight. Removal of ficolins from the serum was confirmed using a ficolin-3 human ELISA kit (Hycult). Ficolin-depleted serum was stored at -80°C until use.
To measure lectin-pathway C3 deposition, 96-well Maxisorb plates (Nunc) were coated with fixed A. fumigatus conidial suspensions (OD 550 of 0.5) or 5 µg mL -1 N-acetyl BSA in coating buffer (15 mM Na 2 CO 3 , 35 mM NaHCO 3 , pH 9.6) and incubated overnight at 4°C. Nonspecific proteins were then blocked with 1% (wt/vol) BSA-TBS for 2 h at RT. Once blocked, plates were washed three times with wash buffer (TBS, 0.05% Tween-20, 5 mM CaCl 2, pH 7.4). To quantify C3 deposition, 100 µL of ficolin-sufficient/deficient serum was added to the wells in barbital buffered saline (BBS; 4 mM barbital, 145 mM NaCl, 1 mM MgCl 2 , 2 mM CaCl 2 , pH 7.4). Ficolin-deficient serum was either reconstituted with recombinant H-ficolin (18.4 µg mL -1 ) or left ficolin-deficient for 1.5 h at 37°C. Plates were washed again three
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times prior to the addition of primary antibody rabbit anti-human C3c (1:500; Dako) and incubated for 1.5 h at 37°C. Following three washes, the secondary antibody anti-rabbit alkaline phosphatase (1:5000; Sigma-Aldrich) was added and incubated for 1 h at RT. The assay was developed using p-nitrophenyl-phosphate (pNPP; Sigma-Aldrich) and absorbance was measured at 405 nm. N-acetyl BSA was used as a positive control.
Statistical analysis
Results were expressed as mean ± SD. Descriptive and 2-tailed Students t-test analyses were performed using GraphPad prism software (version 5). One-way ANOVA's were performed using SigmaStat software (version 3.5). A value of p<0.05 was considered statistically significant. Receiver operating characteristics (ROC) curve analysis was conducted using MedCalc (version 13.1.1).
Results
H-ficolin binds to A. fumigatus conidia.
It has been acknowledged that H-ficolin is capable of binding A. fumigatus, albeit with low affinity 16 . We further characterised this binding and showed that the recognition of A.
fumigatus by H-ficolin occurred in a pH-and calcium-dependent manner and was inhibited by L-fucose, D-mannose and GlcNAc.
H-ficolin is produced by type II alveolar epithelial cells 15 . However, it wasn't established whether A549 cells; a widely used model for the type II alveolar epithelium, could also
Accepted Article
produce H-ficolin. We made the observation that H-ficolin could be found within A549 cells (data not shown). therefore binding studies were conducted in a range of from pH 3.7 to pH 10.7.
We also demonstrated H-ficolin binding to
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Here, binding occurred in a pH-dependent manner, with maximal binding observed in acidic (pH 5.7) conditions. Binding at pH 5.7 was significantly greater than binding at pH 7.4
(median fluorescence intensity of 632.5 ±21.0 versus 549.3 ±12.0 for H-ficolin opsonized conidia in pH 5.7 and pH 7.4 conditions, respectively; p=0.00398, Fig. 1D ). However, binding at pH 7.4 was still significant (median fluorescence intensity of 549.3 ±12.0 versus 207.6 ±1.5 for H-ficolin opsonized conidia versus un-opsonized conidia; p=1.09 x 10 -6 ; Fig.   1D ). 1E ). Conversely, pre-incubation with glucose and galactose led to significantly lower percentage inhibitions (% inhibitions of 15.5% ±1.5% and 24.8% ±10.5% at maximal carbohydrate concentration of 100 mM for glucose and galactose, respectively; Fig. 1E ).
H-ficolin opsonization enhances association of A. fumigatus conidia with A549 cells.
H-ficolin is secreted from type II pneumocytes 15 and can be found within A549 cells, which suggests it could be important in potentiating immune responses within the lung.
Additionally, patients homozygous for a truncated form of H-ficolin exhibit a recurrence of
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respiratory infections 25 . We were, therefore, interested in whether H-ficolin could modulate the association of A. fumigatus with the A549 airway epithelial cell line.
To investigate the interaction of H-ficolin opsonised conidia with the alveolar epithelium, FITC-labelled, fixed A. fumigatus conidia were opsonized with H-ficolin prior to incubation with A549 cells for 16 hours in pH 5.7 or pH 7.4 conditions. A549 cells were gated ( Fig. 2A) and the percentage of FITC negative and positive were used to identify associated cells ( 
27
.
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To investigate H-ficolin activation of the lectin pathway on A. fumigatus conidia, human serum was either run through a GlcNAc-sepharose column to remove endogenous ficolins or left ficolin-sufficient. Following the removal of endogenous ficolins, there was significantly diminished C3 deposition on A. fumigatus (p<0.05) but ficolin-sufficient serum maintained maximal levels of C3 deposition (Fig. 3) . Here we observed an EC 50 of 1.15% serum versus an EC 50 of 0.32% serum for ficolin-deficient and ficolin-sufficient serum, respectively (not shown). Moreover, reconstitution of the ficolin-deficient serum with recombinant H-ficolin was capable of significantly restoring the level of C3 deposition to normal levels (EC 50 of 0.34% serum; p<0.05; Fig. 3 ). 
Opsonization by H-ficolin increases
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This article is protected by copyright. All rights reserved. (average concentration of 24.1 ng mL -1 ) but this was only data from one patient (Fig. 5B ). An ROC curve analysis was conducted to investigate whether the detection of H-ficolin could be used as a potential biomarker/diagnostic tool for lung infection. The area under the curve (AUC) was calculated to be 0.77 which suggested there was an 77% chance that infected transplant patients would have H-ficolin present in their BAL fluid (p<0.0001; Fig. 5C ).
Discussion
In this study, we focused on the role of H-ficolin in the innate immune recognition of A.
fumigatus and its role in host-fungal interactions. This work led to a number of new observations. Firstly, H-ficolin was capable of recognising A. fumigatus conidia in a calciumdependent and pH-dependent manner, in an interaction inhibited by D-mannose, L-fucose and GlcNAc. This recognition also led to enhanced host-microbe interactions. Secondly, H-
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highlighted the carbohydrate recognition properties of H-ficolin, with binding previously only observed to a polysaccharide of Aerococcus viridians, acetylated carbohydrates and very few pathogens 16, 33, 34 . The cell wall of A. fumigatus is predominantly composed of glucan, chitin and galactomannan and it is these cell wall glycoproteins that constitute the Aspergillus virulence factors 35 . When further deconstructed, the wall is composed of glucose, glucosamine, galactose and mannose 7, 36 . In the present study, we indicate novel binding , we have shown that the affinity of H-ficolin for A. fumigatus is also significantly enhanced in an acidic pH.
The pH is an important aspect of infection as it decreases at the local site of infection to as low as pH 5.5
24
. Our findings support that the acidic conditions found in inflammatory sites could be capable of potentiating the opsonization of A. fumigatus by H-ficolin.
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Therefore, we aimed to delineate some of the signalling pathways that may be involved.
Following inhibition of the ERK 1/2 activator, MEK 1/2, by the highly potent inhibitor U0126, inhibition of p38 MAPK by SB202190 and inhibition of JNK by SP600125, we observed almost complete abrogation of IL-8 production following A549 cell challenge with H-ficolin opsonized conidia. Of these, MEK 1/2 inhibition appeared to lead to the greatest inhibition. The ERK 1/2 pathway has been demonstrated to be important for IL-8 synthesis following challenge by pathogens and elucidating how H-ficolin activates this pathway could prove important in the understanding of its immunomodulatory function 28, 42, 43 . Due to their
In conclusion, H-ficolin may play a significant role in the defence against A. fumigatus via the activation of the lectin complement pathway, enhanced host-microbe interactions and modulation of the immune response. Yet, the use of the A549 cell line is a limitation to the current study and further investigation using primary airway epithelial cells could yield important observations. 
Figures legends
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This article is protected by copyright. All rights reserved. Results are representative of the average of all the data points gained from three independent experiments. Error bars represent the SD and significance was determined via two-tailed Students t-test. An asterisk indicates a significant difference (*p<0.05).
